INTRODUCTION
Angular leaf spot (ALS) of common bean (Phaseolus vulgaris. L.) caused by the fungus, Pseudocercospora griseola (Sacc) Crous and U. Braun (Crous et al., 2006) is an important disease both in the tropics and in the subtropical tropics where beans are grown. The pathogen causes significant yield losses of up to 80% of common bean in Africa and in other parts of the world (Muthomi et al., 2011) . This disease primarily affects aerial parts of the plant and is more destructive in warm, humid production zones (Crous et al., 2006) . The disease causes premature defoliation (Correa-Victoria et al., 1989) and it also causes the reduction of seed quality, in cases where the disease invades the seeds, and thus affects the marketability of bean seed across production zones of the world (Pastor-Corrales et al., 1998) .
As with other pathogens, the ALS disease is best controlled by the use of resistant cultivars since once the host resistance technology has been developed, it is packaged in the seed and is easy to disseminate and deploy (Crows et al., 2006; Mahuku et al., 2009) . Despite the existence of genetic resistance, the variable nature of the pathogen makes achieving durable resistance a challenge (Mahuku et al., 2002; Pastor-Corrales et al., 1998) . Therefore, knowledge on the races of the pathogen to be overcome in a region is crucial when durable resistance is sought, as well as the monitoring of the evolution of the pathogen over time (Mahuku et al., 2002) . This pathogen monitoring is even more important when the pathogen shows high levels of variability as is the case for the ALS pathogen. Different methods have been applied in attempting to characterize the ALS pathogen including virulence testing, where isolates are classified according to the reaction they cause to a set of differential cultivars, and using molecular markers where the isolates are distinguished based on their genetic composition. The use of differential cultivars, however, has a major limitation due to variability in environmental conditions (Kolmer et al., 1995; Sebastian et al., 2006) . The binomial characterization of the pathogen using the set of differentials can be supplemented with the molecular characterization of the pathogen which detects the variability of the pathogen population regardless of its host and environment (Ddamulira et al., 2014) . Different molecular methods have been used to characterize this pathogen including RAPD markers, ISSR markers and Box primers (Abadio et al., 2012; Ddamulira et al., 2014) . Sequences from the Internal Transcribed Spacer region (ITS) and Actin genes were used in a similar study evaluating the taxonomic status of P. griseola (Crous et al., 2006) . Studies on the variability of P. griseola isolates revealed the existence of two major groups of the pathogen, Andean and Mesoamerican, which correspond to and have co-evolved with the Andean and Mesoamerican gene pools of common bean (Guzman et al., 1995; Pastor-Corrales et al., 1998; Crous et al., 2006) . Mesoamerican strains of this pathogen are considered more virulent as compared to Andean strains and they tend to affect both Mesoamerican and Andean beans while Andean strains are less virulent, affecting mostly Andean genotypes (Pastor Corrales et al., 1998) . Apart from these two distinct sets of host and pathogen based on geographical origin, another group was found peculiar to Africa designated as Afro-Andean. This group has characteristics typical of the isolates of Andean origin but it was found to be pathogenic on Mesoamerican common bean which is unusual (Mahuku et al., 2002; CIAT, 1997) .
The objective of this work was to characterize the diversity of P. griseola in nine regions of Tanzania using ITS and Actin gene sequences of the fungus in relation to the gene pool origin of the common bean host and their distribution across the regions.
MATERIALS AND METHODS

Isolate and genotype collection
P. griseola isolates and host tissue were collected from the nine common bean production regions of Tanzania (Figure 1 ). The samples were collected from farmers' fields and some were collected from Agriculture Research Stations including: Uyole in Mbeya, Seliani in Arusha, Maruku in Kagera and Sokoine University of Agriculture (SUA) in Morogoro. Common bean infected leaves were collected from plants showing typical Angular Leaf Spot symptoms and were preserved in blotter paper and brought to SUA for isolation.
Young common bean leaves were collected from the same plants where ALS isolates were collected and put in 1.5 mL tubes (Eppendorf tubes).
Isolation of P. griseola
Single spore isolation was completed in the pathology laboratory at Sokoine University of Agriculture following the CIAT guidelines (Castellanos et al., 2015) . Following isolation, pure cultures were transferred to V8 medium without antibiotics and the cultures were incubated at 24°C for 15 to 20 days. After this incubation period, the mycelium was scraped directly from the media for DNA extraction. The isolates were then maintained following the CIAT guidelines (Castellanos et al., 2015) .
DNA extraction and PCR amplification
DNA from the P. griseola mycelia and from the common bean host *Corresponding author. E-mail: lusekochilagane@yahoo.co.uk were extracted using TES extraction buffer (Mahuku, 2004) . Fungal PCR amplification was completed using two primer sets, the ITS 4 and ITS 5 primer pairs, to amplify the Internal Transcribed spacer (ITS) region (White et al., 1990) , and the Actin gene with the ACT 512F and ACT 783R primers (Carbone and Kohn, 1999) . The PCR conditions used to amplify the ITS region and the Actin gene were 94°C for 4 min for initial denaturation followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 30 s, and elongation at 72°C for 1 min followed by another cycle of final elongation at 72°C for 4 min. DNA from the common bean samples were amplified using the phaseolin DNA primers Phaseolin1R and Phaseolin1F and the PCR conditions were initial denaturation at 94°C for 4 min, followed by 40 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 30 s and elongation at 72°C for 30 s, and a final extension for 7 min at 72°C.
Electrophoresis and gel documentation
PCR products from P. griseola samples were separated by electrophoresis (110 V for one hour and 30 min) and 3 μL of PCR product were run on a 1% agarose gel (Fisher Scientific, NJ) using 1X TBE buffer and 10 μL of gel red (Biotum ®, Hayward, CA). PCR products were visualized using a ...UV -transilluminator... and photographed using UVP® (Program version 6.5.2a 2007 program) (Upland, CA).
PCR products from common bean samples were separated using a 6% horizontal polyacrylamide gel (hPAGE technique) with electrophoresis at 120 V for 3 h, post-stained with ethidium bromide, and using 1X TAE as the running buffer. The gel visualization and documentation was completed using a UVtransilluminator and the gel photo was captured with a Power Shot ...A650IS digital... camera (Canon, USA).
Sequencing and phylogenetic analysis of the P. griseola isolates PCR products for the ITS region and the Actin gene were purified, after confirming the expected band size (600-900 bp for ITS; 200 bp for Actin in an agarose gel), using a QIAquick PCR purification Kit (Qiagen, Valencia, CA). DNA quantification using a Nanodrop (ND-1000 UV/Vis Spectrophotometer, Wilmington, DE) was followed by dilution of the samples to 20-30 ng/ul for Actin and 30-50 ng/ul for ITS in preparation for sanger sequencing (SeqWright Genomic Services, Texas).
Two sequences for both the Actin gene and the Ribosomal RNA gene (ITS), CPC 10468 and CPC 10463, representing the Andean and Mesoamerican gene pools of P. griseola (Crows et al., 2006) , respectively, were obtained from the NCBI database and included in the analysis as controls. Also, two other sequences for Passalora loranthi, strain CBS122466 and Passalora eucalypti strain CBS111318, from the NCBI database were used as out groups in the phylogenetic analysis to root the tree. These out groups (P. loranthi and P.eucalypti) are the sister clades to P. griseola (Crows et al., 2006) .
Sequence data were first edited using BioEdit v7.2.5 and Sequencer to establish contigs (consensus sequence for each isolate) and the MEGA6 program was used to remove the primer sequence of each contig. The NCBI database was used to perform BLAST searches for each sequence to validate that the sequences belonged to P. griseola. Sequence for both the Actin gene and ITS region that were of high quality, were selected for phylogenetic analysis. The multiple sequence alignments were conducted with SATé (Katoh and Standley, 2013) using MAFFT for the alignment and RAxML for the tree estimator using 10 iterations. Four partitions were determined as input for Partition Finder V1.1.1 (Lanfear et al., 2014) to select the best molecular evolution model for each Bayesian Inference (BI) was performed to infer phylogeny. BI analysis was implemented in MrBayes 3.1 (Huelsenbeck and Ronquist, 2001 ) with 4 runs and 4 chains for 25 million generations specified with the 2 molecular evolution models previously obtained, sampling every 10,000 generations. Convergence and stationery were visualized in Tracer V.1.4 (Rambaut and Drummond, 2007) .
Common bean Phaseolin protein evaluation
The common bean genotypes were evaluated for the Phaseolin marker by scoring the banding pattern on the gel. The data were used to group the genotypes as either Mesoamerican or Andean.
RESULTS AND DISCUSSION
Host genotype characterization
The bean genotypes from which ALS isolates were collected were found to be of Mesoamerican and Andean origin although the gene pool composition differed from region to region of Tanzania. A total of 76 common bean genotypes were characterized using the phaseolin DNA marker (Figure 2 ) and of these 64 (84%) were of Andean origin and the other 12 (16%) were of Mesoamerican origin.
These results suggest that most of the common bean genotypes that are cultivated in Tanzania are of Andean origin with few of Mesoamerican origin from this relatively small sample. The distribution of these two gene pools across bean growing regions show that 75% of the total Mesoamerican bean samples were collected from the Kagera region, while very few were collected from Rukwa (17%) and Mbeya (8%) (Figure 3 ). These results from Tanzania confirm previous findings indicating that both Andean and Mesoamerican beans are grown within some African countries (Wortmann et al., 1998; Mahuku et al., 2002) . In Tanzania, it has been found that farmers grow both Andean and Mesoamerican beans and in most cases they mix the two together in the same plot of land as a strategy of risk management since some cultivars fail and others are tolerant to biotic and abiotic factors (Blair et al., 2010) .
In terms of regional preferences, the Kagera region of Tanzania leads in cultivation of the Mesoamerican bean type. The regional preference for small (Mesoamerican) or large (Andean) types may be associated with how the common beans are consumed. In the lake zone, beans are mostly consumed when cooked with banana (Matoke) and in this dish, the preference is for small seeded beans. In other regions of Tanzania, beans are consumed mostly with rice and maize meal for which the preference is large seeded beans in these dishes. In studies in countries neighboring Tanzania, the proportion of production of Andean and Mesoamerican bean in Uganda (Okii et al., 2014 ) is similar to that of Tanzania, while in Rwanda, common beans of Mesoamerican origin outnumbered the Andean ones (Blair et al., 2010) .
In the samples of common bean collected in the nine regions of Tanzania, samples of Andean origin outnumbered those of Mesoamerican origin in every region. Thus, farmers prefer to cultivate Andean genotypes as opposed to Mesoamerican genotypes (Figure 3 ).
Pathogen characterization
The results from the sequence analysis of the Actin gene and the ITS region showed that the ITS region captures more sequence variation in the pathogen as compared to the Actin gene. Phylogenetic analysis of the sequences from the Actin gene and the ITS region depict the presence of two distinct clusters that group with the Andean and Mesoamerican control sequences (Figure 4) . These results were expected due to the presence of the two gene pools of the pathogen as reported by PastorCorrales et al. (1998) . Furthermore, most of the isolates grouped with the Andean control isolate (60%) as compared to the Mesoamerican control isolate (40%). These results show correspondence between the occurrence of the common bean genotypes, as shown by the phaseolin marker results, with the pathogen strains of the same gene pool origin, thus coinciding with the concept of co-evolution of this pathogen with its host (Guzman et al., 1995) .
The distribution of isolates also showed the same trend as the distribution of the common bean genotypes where most of the Mesoamerican strains were collected from the Kagera region with very few from other regions of Tanzania. Thus, in the Kagera region, 60.6% of the isolates were Mesoamerican, while 39.4% were Andean. In Arusha, 50% were Andean and in Tanga 66.7% were Andean (Table 1) . When grouping of isolates was organized based on altitude or geographical location of the site of collection, the distribution of the gene pools of the pathogen was not correlated with altitude (data not shown) and somewhat do with GPS position where most of the Mesoamerican are from the lake zone. Somewhat different findings were reported in Uganda (Ddamulira et al., 2014) and in other common bean production regions (Sebastian et al., 2006; Sartorato, 2004) where gene pool grouping due to place of origin of the isolate was not observed.
Relationships between genotype and pathogen
The relationship between the pathogen and the genotype from which the isolate was collected shows that Andean isolates infected mostly Andean genotypes (92%) and far less Mesoamerican genotypes (8%). On the other hand, Mesoamerican isolates infected mostly Andean genotypes (65%) and fewer Mesoamerican (35%) genotypes. Generally, Andean genotypes are more susceptible to ALS as compared to Mesoamerican genotypes; thus, making Mesoamerican genotypes more resistant to both Andean and Mesoamerican isolates of P. griseola. These results may indicate that there are more genes for resistance to ALS in the Mesoamerican gene pool. Because Andean isolates that were virulent on Mesoamerican genotypes were found, this suggests that in Tanzania, both common bean genetic backgrounds need to be improved so as to attain durable resistance. Similar findings have been reported from pathogenic characterization using differential cultivars (Ddamulira et al., 2014) ; however, in this study, no differential cultivars were used and instead virulence grouping was employed as described by Mahuku et al. (2002) in which the affected genotypes were characterized. Further, in this study, there is interaction between Andean isolates with Mesoamerican genotypes where some Andean isolates were shown to be virulent on Mesoamerican genotypes ( Figure 5 ). Using RAPD markers, the Afro-Andean group was included within Andean isolates (Mahuku et al., 2002) . This implies that, there is still within group evolution over time which indicates the continued need to 
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Conclusions
This study reveals the presence of both Andean and Mesoamerican common bean genotypes in the 9 major production regions of Tanzania and that Andean beans are the most preferred gene pool across all bean growing regions. This study also verified the presence of Andean and Mesoamerican strains of P. griseola and their distribution, showing that Andean isolates of P. griseola outnumbered the Mesoamerican isolates. In the Kagera region (the Lake zone) as opposed to other regions, Mesoamerican isolates outnumbered Andean isolates. Andean isolates were found to affect most of the Andean common bean genotypes and less of the Mesoamerican common bean genotypes. Mesoamerican isolates were found to affect most of the Andean common bean genotypes and less of the Mesoamerican common bean genotypes. The results from this study sets a foundation for breeding for resistance to angular leaf spot disease in Tanzania by evaluating the presence of both Andean and Mesoamerican genotypes and P. griseola strains and their interaction and distribution across growing regions. FAOSTAT, 2013) , all in smallholder systems except in South Africa. Demand for maize has increased to meet food requirements for population growth, as feed for livestock and poultry and for biofuel ethanol production. At a population growth rate of over 2% per annum, SSA needs to double her maize production to feed an estimated population of 1.5 billion by year 2050 (FAO, 2006) . Compared to global increase in maize production of 2.2% per annum at annual yield growth of 1.5 Mg ha -1 , maize yield in SSA has barely increased by little over 1% in 50 years reaching an average yield of 1.8 Mg ha -1 in 2011, about a quarter of the world average yield of 5.5 Mg ha -1 (Fischer et al., 2014) . Constraints to maize yield increase in Africa, include low soil fertility (Gibbon et al., 2007) , limited availability and low adoption of modern improved varieties which achieve farm yield of only 25% of the potential yield (FAOSTAT, 2013) , lack of irrigation facilities and low agricultural input. Other limiting factors include limited labor, and uncertainties with crop success currently arising from climate change effects (Cairns et al., 2013; IPCC, 2007) which drive farmers to have preference for their landraces.
The landraces, being historic and dynamic genotypes, and having evolved from natural and anthropogenic selection system (Bellon and van Etten, 2013) exhibit some buffering effect to climate change effects including extreme heat stress and drought (Mercer et al., 2012; Mercer and Perales, 2010) . By their wide genetic base, requirement for low agronomic input, better storage properties, desirable culinary characteristics, and some genotypes possessing superior agronomic characteristics than the improved cultivars (Amanor, 2013; Bellon, 2004) , the landraces represent unique class of germplasm for exploitation and development.
Currently, only few attempts have been made to examine the genetic diversity in the SSA landraces. The need to evaluate the entire collection to estimate the breadth of genetic diversity and identify genotypes with important traits such as high grain yield and climate adaptive traits is of prime importance.
Both morphological and molecular methods are employed in estimating genetic diversity in germplasm collections. Although morphological evaluation is limited by effect of environment on trait expression, exhibits low heritability, is time consuming, labour intensive, requires a large population size, and does not cover the genome (Botha and Venter, 2000; Smith and Smith, 1992) , it offers an unparalleled means of identification of phenotypic variation.
Reports on genetic diversity estimation among maize collections of North America (James et al., 2002; Smith, 1986; Goodman and Stuber, 1983; Kahler et al., 1983) , CIMMYT (Warburton et al., , 2002 Xia et al., 2005; Carvalho et al., 2002) , European maize (Hartings et al., 2008; Okumus, 2007; Rebourg et al., 2001) , and Asia populations (Enoki et al., 2002; Yuan et al., 2000) abound, whereas a parallel study in African maize is emerging. The few reports of maize genetic variation in Africa include those of localized zones of Ethiopia (Legesse et al., 2007; Beyene et al., 2006) , Ghana (Oppong et al., 2014; Obeng-Antwi, 2007 , Obeng-Antwi et al., 2012 and Malawi, Zambia, and Zimbabwe in southern Africa (Magorokosho, 2006) . Assessment of genetic diversity covering a wide geographical area is required not only to identify and quantify the variation, but also to explore the basis of variation in the African maize germplasm.
The research carried out by Sanou et al. (1997) , Beyene et al. (2006) , Legesse et al. (2007) and Magorokosho (2006) considered isozyme variability in West African maize landraces, molecular characterization of Ethiopian genotypes, and combination of morphological and molecular characterization of southern Africa genotypes, respectively. Morphological evaluation constitutes an appropriate tool for identifying useful genotypes, grouping germplasm, and identifying relationships among the groups. Breeders rely on morphological characterization as the first step in distinguishing genotypes, removing obvious duplicates, and acquiring a guide to selection of parents.
In the context of maize cultivation, six mega environments are defined in Africa, on the basis of climate, elevation and soil type into the highlands with elevation above 1600 m.a.s.l., upper humid, lower humid, and dry midaltitude elevation of 900 to 1600 m.a.s.l, and humid and dry lowlands below 800 m.a.s.l. It is believed that the landraces that have had long exposure and survival in these conditions have differentiated in their respective environments hence worth examining for their genetic diversity estimates.
The International Institute of Tropical Agriculture (IITA) has in store over 1,000 maize landraces collected from many countries in Africa. The objective of this research was to determine the genetic diversity in maize originating from three environments namely, lowland, midaltitude, and highland regions of SSA using phenotypic characterization. The information will be useful for identifying genotypes for broadening the genetic base in the gene pools of maize improvement programs and provide a guide for conservation and management of maize.
MATERIALS AND METHODS
Plant material
Thirty-five lowland, midaltitude and highland landraces originating from 12 countries in SSA were sampled from the IITA maize collection (Table 1 ). An open-pollinated lowland genotype, "Obatanpa GH" was included as a check. Accessions were planted in the wet season in two consecutive years, March to July 2011 and April to August 2012 in the Agricultural Experiment Station of the Kwame Nkrumah University of Science and Technology, Kumasi, Ghana, in randomized complete block design with three (Felsenstein, 1985) using the PAST software (Hammer et al., 2001 ). Finally, a principal components analysis (PCA) and biplots determined the discriminatory power of the traits and revealed relationships among traits and accessions. The NTSYS pc 2.2 software (Rohlf, 2009 ) was employed for all multivariate analysis.
RESULTS
Within and between population differences
Ear characteristics included 57% pale yellow silks, 92% white cobs and 62% dent kernels in predominantly regular kernel arrangement. Mean values, minimum and maximum, standard deviation, mean squares and coefficient of variation of the 22 phenotypic traits are presented in Table 2 . The populations exhibited a large within population differentiation except for anthesis-silking interval and a large between population variation for all traits but tassel length, ear leaf width, plant height, and stalk diameter. A trend of increasing variability based on the number of significant mean squares was identified in 16 traits in highland, 20 traits in lowland, and 21 in midaltitude populations (Table 2) . Low to moderate correlation coefficients were found between traits. Anthesis-silking interval showed predominantly low nonsignificant negative correlations with all other traits whereas ear leaf width showed moderate significant positive correlations with all traits. Similarly, grain yield showed low to moderate significant correlation with all traits except anthesis date, silking date, ear leaf length, ear length, and kernel thickness (Table 3) .
On earliness, pollen shed and silking required a mean of 58.62±5.67 and 62.68±6.10 days, respectively, hence protandry of 4.08±1.66 days. This was similar to the check, "Obatanpa GH", which showed mean number of days to anthesis and silking of 48.8 and 52.5 days, respectively, and protandry of 3.7±1.11 days. Anthesissilking interval ranged from 2.33 to 6.17 days. Important accessions that were less protandrous than the check were lowland TZm-1523 (3.2 days) and TZm-301 (3.3 days), midaltitude TZm-37 (3.2 days), TZm-1516 (3.5 days), and TZm-1521 (3.3 days), and highland TZm-1367(3.20 days) and TZm-1376 (2.3 days).
Variations in traits on the basis of accession means are 
Genetic distance
Genetic similarity represented by squared Pearson correlation coefficients ranged from 0.0 to 0.82 with a mean of 0.26±0.18 (Table 4) Arrangement of data in a cell is in the order of mean, standard deviation, range in parenthesis, mean square, and coefficient of variation; Letters represent across mega-environment differences; Significant mean squares are represented as *P<0.05; ** P<0.01, *** P<0.001. (TZm-20), TZm-270, TZm-1516, and TZm-1095. All distant accessions exhibited high yields exceeding 4.0 Mg ha -1 except TZm-2, TZm-20, TZm-42, and TZm-1516. In all, 572 accession pairs (92%) had similarity coefficients of less than 0.50, while 49 were at least 0.50. The preponderance of very low similarity coefficients is indicative of large genetic diversity among the accessions. As expected, accessions from different populations were more dissimilar than those of similar origins as was also corroborated by Beyene et al. (2006) .
Cluster analysis
A UPGMA cluster analysis displayed four clusters ( Figure  1 ) differentiated predominantly by geographic origin and confirmed seven accessions to be distant TZm-42, TZm-20, TZm-5, TZm-2, TZm-270, TZm-41, and "Obatanpa GH". Cluster I had eight accessions, six of which originated from Midaltitude regions and two, including the check "Obatanpa GH" from lowland regions. The genotypes exhibited early maturity, long ear leaf length, large ear and cob diameters, and long anthesis-silking interval. Cluster II, a mixed group with nine accessions, were mostly collected from all three mega environments. All highland accessions except one belonged to this cluster most of which exhibited shortest anthesis-silking interval, large tassels, large ear leaf widths, largest stalk diameter, tall plants, and highest mean grain yield of 5.20 Mg ha . Cluster IV was predominated by seven members of Midaltitude origin which were late maturing, short plants with small tassels, small ear leaf width, and least mean grain yield of 0.14 Mg ha -1 below the overall average yield (Table 5) .
Principal components analysis
Principal components analysis delimited 21 important discriminatory descriptors. The first four principal Numbers in parenthesis represent differences between the cluster and overall mean; the legends for traits and their units are as given in Table 2 .
components with eigenvalues exceeding 1.0 explained 86.67% of the total phenotypic variance (Table 6 ). In the first PC which accounted for 39.97%, the variance was attributed to the weighted sum of tassel length, ear leaf length, ear leaf width, plant height, ear position, stalk diameter, stay green, ear length, ear diameter, hundred kernel weight, kernel length, and grain yield. This indicates a direct relationship between plant architectural traits, stay green, grain yield and yield components. Accessions having this combination of positively loading traits represent positive associations that are likely to share common alleles. Crossing within this gene pool would accumulate alleles for large values of tassel size, ear leaf length and width, stay green, yield components and grain yield. The PC2 explained 18.70% of the total variance attributed to the weighted sum of number of kernels per row, kernel length, kernel width and ear weight, and a weighted difference of cob diameter, number of rows per ear and kernel thickness. A variance contribution in PC3 of 16.74% was attributed to weighted sum of anthesis and silking dates and anthesis-silking interval but a weighted difference in ear diameter and grain yield, indicating an inverse relationship between maturity date, anthesis-silking interval and grain yield. In other words, the late maturing genotypes with long anthesis-silking interval exhibited low grain yield. Being landraces, it was not unexpected to find genotypes exhibiting undesirable traits such as large anthesis-silking interval and low grain yield. The contribution of PC4 of 11.06% of the total variance was attributed to the weighted difference between anthesis-silking interval and ear height (Table  6) .
A trait biplot of PC1 and PC2 (Figure 2A ) accounted for a cumulative variance of 58.87% and identified four major correlation groupings, namely, a group based on earliness, plant architectural traits and grain yield; a second group based on ear-related traits; a third group based on kernel characteristics; and lastly, an uncorrelated group of traits comprising number of rows per ear, anthesis-silking interval, cob diameter and number of kernels per row. The tight angles between anthesis and silking dates, kernel width and kernel length, stay green and kernel thickness, ear leaf length and ear leaf width, plant height and grain yield signified direct association among these traits. In contrast, anthesis-silking interval, cob diameter, number of rows per ear, and number of ears per plant were uncorrelated. Strong associations were exhibited between stay green and kernel thickness. Plants with longer stay green also had large kernel thickness. In the accession biplot ( Figure  2B ), three uncorrelated groups and eight accessions that were separated from the core groups were identified, confirming that TZm-270, TZm-2, TZm-5, TZm-251, TZm-42, TZm-385, TZm-41 and TZm-1358 were distant. Hybridization within clusters I and III should be favorable in accumulating alleles for early maturity, low to moderate anthesis-silking interval, stay green, and high grain yield. On the contrary, accessions of cluster IV had predominance of small plant architectural traits and low yield, low values of stay green and longest anthesissilking interval.
In the context of maize improvement, a breeding strategy that would exploit the existing variation within and between the clusters and accumulate desirable characteristics is to create a cross-pollinated population with a high frequency of high grain yield, early maturing, low anthesis-silking interval and high stay green genotypes and improve this group via recurrent selection to obtain highly heterozygous populations from which superior heterozygous genotypes may be selected for inbred line development.
DISCUSSION
The African maize landraces constitute an important class of genotypes characterized by wide diversity in phenology, plant growth, grain yield, and leaf photosynthesis most of which connote a diversity of farmer preferences and adaptive characteristics to a wide range of environments in which they have evolved. This diversity awaits to be exploited for maize improvement in an efficient manner. Noteworthy was the identification of some genotypes that outperformed the improved cultivar in grain yield, leaf photosynthesis and phenology.
The simultaneous large within and large between population variations is the likely result of large rate of gene flow between midaltitude and lowland populations but somehow restricted between the geographically discrete highland genotypes. The variation highlights a naturally conserving potential which has been shaped by evolutionary factors including a large effective population size with a large proportion of gene flow which does not Table 2 footnote. disrupt patterns of local adaptation of the taxon. Marshall (1977) reported that the landraces possess both within and between variations. A PCR-based study on genetic diversity, as well as estimation of F ST , F SC , and G ST are needed to confirm the wide within and among diversity in the African maize landraces.
The larger variability in the midaltitude and lowland accessions was not surprising considering that the major entry of maize to Africa was through the west coast rather than the east or north. In fact, besides midaltitude Tanzania and Zambia, many of the lowland and midaltitude accessions in current study originated from West African countries such as, Togo, Congo, Guinea, Equatorial Guinea, and Chad. The fewer representations of the highland genotypes may have influenced the low variation observed.
The overall mean anthesis dates of 58.62±5.67 days and silking date of 62.68±6.10 days were similar to the 61.5±0.2 days and silking date of 62.7±0.7 days (Salami et al., 2007) , but shorter than anthesis and silking dates of 65.1±3.2 and 71.5±3.0 days (Beyene et al., 2006) , 83.0±0.5 days and 85.9±0.55 days (Azad et al., 2012) , 84.3±1.7 and 86.6±12.0 days of 498 maize accessions of Asia, Latin America and U.S.A. (Weiwei et al., 2012) . Early maturing genotypes that may be useful to breeding programs in marginal regions in tropical Africa were TZm-8, TZm-2, TZm-1521, and TZm-385. The short anthesissilking interval of TZm-1376 (2.3 days) would benefit breeding for drought tolerance through escape and avoidance. The positive association of ear leaf width with grain yield was noteworthy and would be relevant in selection based on correlated response.
The genotypes of current study had plant heights similar to those of Ethiopia (161.0 to 288.0 cm with a mean of 217.8±14.4 cm) (Beyene et al., 2006) and Italian landraces (110.0 to 215.0 cm with a mean of 166.0 ±27.4 (Hartings et al., 2008) . Candidate genotypes having mean grain yield in excess of 5.0 Mg ha -1 including TZm-33, TZm-41, TZm-14, TZm-242, TZm-37, TZm-1360, TZm-1376, TZm-1367, TZm-4, and TZm-270 would benefit breeding for high grain yield.
Genetic distance within the accessions confirmed a large variability which was further validated by cluster analysis and principal components analyses. TZm-42, TZm-2 and TZm-5 exhibited least values of grain yield and yield-related traits of hundred kernel weight, stay green, and stalk diameter, ear leaf width and tassel length. In contrast, TZm-270 demonstrated largest values of these traits, unequalled with all other accessions and would be worthy to incorporate into breeding programs.
Existence of both within and among population variation presents a special opportunity for in situ conservation which in Africa is a common traditional farming practice to check genetic erosion and ensure maintenance of the evolutionary processes in the taxon while adopting modern agricultural technology (Brush, A B 1995). The corollary of this conservation is environmental resilience and creation of novel genotypes (Altieri and Merrik; 1987; Friis-Hansen, 1994) . Additionally, the partitioning of the populations into clusters suggests that benefits would be accrued from intercrossing between clusters to exploit heterosis for grain yield, earliness, and the desirable low values of anthesis-silking interval which indicate less sensitivity to drought stress. A within cluster crossing involving a large number of ears should preserve the rare alleles in the collection (Crossa, 1989) . The combined high yield and early-maturity traits present novel genes at these loci and may be beneficial for broadening the genetic base of elite gene pools.
Conclusion
The findings of this work suggest that the African maize landraces are rich in genetic diversity which increases from highland to lowland and to midaltitude genotypes. The large difference between population differentiation and the rich diversity suggest a historic formation from a large effective population size. At the same time, the large within population variability indicates a gene flow among the populations which is consistent with an ex situ conservation of maize. The morphological variability can provide basis for creating core subsets especially from the two highly populated clusters. Identification of the large variabilities among the traits bring to fore the richness in alleles and the urgency to conserve and incorporate the landraces into regional breeding programs to widen the genetic base of the genepool. These genotypes have adapted to the environmental conditions of Africa and are expected to contribute alleles for both trait improvement and to withstand environmental stress factors in time and space.
In terms of world average maize yield of 5.15 Mg ha ), all of which were midaltitude and highland accessions.
A unique combination of early-maturing and highyielding traits in TZm-14 and TZm-33 TZm-37, TZm-1367, and TZm-1376 may offer opportunity to breed for combined earliness and yield, which usually present a trade-off. Unusually large number of kernels per row (48 to 54) identified in nine accessions, namely, TZm-1521 and TZm-41 (48), TZm-14 (49), TZm-1356, TZm-301 and TZm-1360 (50) , TZm-1359 (52), TZm-1084 and TZm-273 (54) may be considered for further evaluation for grain yield improvement.
